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10 Claims. (CI. 260-503) 
This invention relates to an improved method 

for the production of sulphonyl halides and sul 
phonic acids, which does not involve the use of 
dangerous materials such as phosphorus Com 
pounds, Or the use of extremely unpleasant mate 
rials, such as the mercaptains. 
The invention is particularly advantageous for 

the production of alkyl and aralkyl sulphony 
halides and sulphonic acids, although in its 
broader aspects it is also applicable to the pro 
duction of aryl Sulphonyl halides and Sulphonic 
acids. 
Methods heretofore proposed for the production 

of alkyl or aralkyl Sulphonic acids have involved 
either the reaction of a sulphite, such as sodium 
or ammonium sulphite, with an alkyl or aralkyl 
halide, or have involved the oxidation of a mer 
captain or a metal salt of a mercaptain by a strong 
oxidizing agent. Both of these methods of pro 
duction have Serious objections, and involve 
numerous difficulties. 
Alkyl and aralkyl sulphonyl chlorides have 

heretofore been produced by the action of phos 
phorus pentachloride on the corresponding sul 
phonic acid. The use of phosphorus pentachlo 
ride in any commercial operation is, of course, 
highly objectionable, and the preparation of Sul 
phonyl chlorides by this method is also expensive, 
as it involves the production of the sulphonic acid 
first. Furthermore, it is known that Some alkyl 
and aralkyl Sulphonyl chlorides undergo partial 
decomposition or dissociation in the presence of 
phosphorus pentachloride, giving sulphur dioxide 
and the corresponding alkyl and aralkyl chloride. 
Other Sulphonyl halides, Such as Sulphonyl bro 
mides, have never been produced in a practical 
manner heretofore. When a Sulphonic acid is 
reacted with phosphorus pentabromide the cor 
responding bisulphide is often the major product 
of the reaction, rather than the desired Sulphony 
bromide. 
The present invention provides a method by 

which the various sulphonyl halides and sulphonic 
acids may be made commercially available, in 
which no dangerous or unpleasant materials are 
used, and in which the operating conditions in 
volved in carrying out the process are simple to 
maintain. 
The invention in its broader aspect compre 

hends the formation of a sulphonyl halide from a 
pseudothiourea or pseudothiourea Salt by expos 
ing an aqueous solution of the pseudothiourea or 
pseudothiourea salt to the action of a halogen, as 
shown in the following equation: . 

Ns N 

RS céx+to - RS ox+xcC w 
N- N 

in which R represents an alkyl, aralkyl, or aro 
matic residue and X represents a halogen. This 

reaction is general, and is applicable to com 
pounds having the pseudothiourea residue: 

in which R, represents an alkyl, an aralkyl, or a 
aryl residue, whether the three bonds shown. On 
the nitrogen atoms are attached to hydrogens, to 
hydrocarbon radicals, other residues, or are part 
of a cyclic or ring structure. 
From the sulphonyl halide derivatives so pro 

duced, the corresponding sulphonic acids are pre 
pared by hydrolysis as by Warming in Water, and 
their metallic salts by reaction with alkali in 
aqueous solution, e.g., with sodium or potassium 
hydroxide. 
While the invention may be used generally for 

the production of sulphonylhalides and Sulphonic 
acids from compounds containing the pseudo 
thiourea residue described above, it is particularly 
advantageous for the production of sulphonyl 
halides and Sulphonic acids from Salts of alkyl 
and aralkyl pseudothiou reas, as these are the most 
simply prepared from Commercially available 
materials. 
As starting materials for the preparation of the 

alkyl and aralkyl pseudothiou reas and their salts, 
it is preferable in Some cases to use the corre 
sponding alkyl or aralkyl alcohol, and thiourea. 
The thiourea is dissolved in the alcohol, using 
heat, as from a water bath, if necessary, and the 
resulting Solution is treated with an excess of an 
acid such as hydrochloric acid and allowed to 
digest until the formation of the pseudothiourea 
hydrochloride is complete. This requires diges 
tion for a variable time, depending On the reactiv 
ity of the respective alcohol. After digestion, the 
excess alcohol is distilled off and a salt of the 
alkyl or aralkyl pseudothiourea corresponding to 
the acid used is obtained. The reaction which 
occurs may be illustrated by the following equa 
tion, in which, for purposes of illustration, the 
production of the hydrochloride of ethyl pseudo 
thiourea is shown: 

NB 
2 

NH 
The alkyl and aralkyl pseudothiourea salts 

may also be produced by the action of thiourea. 
on alkyl or aralkyl halides, sulphates, etc., such 
as ethyl chloride or benzychloride in the known 
ane. 
From the salts of alkyl and aralkyl pseudo 

thioureas so produced, the production of the cor 
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responding sulphonyl halides in accordance with 
this invention is simple. . It is merely necessary 
to pass through an aqueous Solution of the 
pseudothiourea salt a halogen, such as chlorine 60 



O 

s 

20 

25 

40 

45 

50 

60 

70 

s 

2 
or bromine, or, more broadly, to subject an aque 
'Ous solution of the pseudothiourea Salt to the 
action of a free halogen. The halogen reacts 
with the salt to split the pseudothiourea residue, 
and to produce directly the desired sulphonyl 
halide, which is precipitated and is easily pur 
fled. During this operation, the reaction mix 
ture should be maintained relatively cool, par 
ticularly when labile products, such as sulphonyl 
bromides are produced, to avoid decomposition. 
For the production of sulphonyl chlorides, the 
mixture is advantageously maintained below 15 . 
C.; for sulphony bromides, below 5° C. 

Certain precautions must be observed, how 
ever, in the preparation of the sulphonyl halide 
to obtain a pure product. . For example, if it is 
desired to produce a sulphonyl chloride, then the 
pseudothiourea salt which is used should either 
be the hydrochloride or should be the salt of some 
other acid which does not contain a reactive halo- . 
gen other than chlorine. If salts of alkyl or 
aralkyl pseudothioureas with acids such as hy 
drobromic acid are used, the chlorine used for the 
production of the sulphonyl chloride reacts with 
the bromine in the hydrobromic acid to set free 
bromine, with the result that instead of the sul 
phonyl chloride being produced, a mixture of 
sulphonyl chloride and sulphonyl bromide is pro 
duced. In some circumstances such a mixture 
may be desired, and may be readily produced in 
this manner, but in normal circumstances a pure 
product, such as the sulphonyl chloride or the 
sulphonyl bromide, is desired, and care should 
be taken that any undesired halogen is not intro 
duced into the product because of its presence 
in the pseudothiourea salts. 

Similarly, for the production of a Sulphony 
bromide, the use of hydrochloric acid salts of 
pseudothiourea should be avoided, as if hydro 
chloric acid salts are used, the desired sulphonyl 
bromide will be contaminated with traces of Sul 
phonyl chloride. Thus for the production of 
sulphonyl bromide, either the hydrobromide. of 
the desired pseudothiourea should be used, or 
else such salts as the acetate or the Sulphate 
should be used. 

Salts of other acids than the halogen acids of 
alkyl and aralkyl pseudothioureas may be readily 
produced. A preferred method of producing 
these salts is by the reaction of a hydrohalide of 
the desired pseudothiourea with an alkali metal 
salt, such as potassium or sodium acetate. In 
such a procedure, the alkali metal halide is pro 
duced simultaneously with the desired salt of the 
pseudothiourea. For example, if an aqueous so 
lution, of a hydrohalide of an alkyl pseudothio 
urea be treated with potassium acetate, the cor 
responding potassium halide and alkyl pseudo 
thiourea acetate is produced. From this acetate, 
any of the desired alkyl sulphonyl halides may . 
be produced directly by subjecting the acetate to 
the action of the desired halide in water solution. 
other salts of alkyl and aralkyl pseudothio 

ureas may be produced in other manners, for 
example, from the reaction of thiourea with alkyl 
or aralkyl nitrates, thiocyanates, sulphates, etc. 
For example, from diethyl sulphate, or other 
alkyl or aralkyl sulphates, ethyl thiourea sul 
phate, or other alkyl or aralkyl thiourea sul 
phates, may be produced. The sulphates so pro 
duced may be subjected to the action of a halogen 
in aqueous solution with production of the cor 
responding alkyl or aralkyl sulphonyl halides, 
which may be produced by proper purification in 

2,146,744 w 

pure state without contamination by other sul 
phonyl halides, 
The invention will be further illustrated by the 

following examples, although it is not limited 
thereto (parts by Weight): 

Eacample i-N-butyl sulphonyl chloride from 
n-butyl alcohol-60 parts of n-butyl alcohol and 
7.6 parts of powdered thiourea are admixed, and 
to the resulting solution is added an amount of 
hydrochloric acid slightly in excess of the amount 
required for equal molecular proportions with 
the thiourea. The solution is then heated on a 
steam bath for 3 or 4 days, or until a sample of 
the solution gives little or no silver sulphide when 
tested with ammoniacal silver nitrate. The ex 
cess. n-butyl alcohol is then removed under re 
duced pressure on a steam bath and the viscous 
residue resulting dissolved in 75 parts of warm 
water. This solution is cooled and treated with 
chlorine while maintained below 15° C. Sufficient 
chlorine is added to saturate the aqueous layer, 
the saturation being shown by the characteristic 
green color of the saturated aqueous layer, and 
the n-butyl sulphonyl chloride which separates 
is taken up in ether. The ether extract is washed 
with dilute sodium bisulphite solution and dried 
over calcium chloride. The ether is removed. To 
further purify the sulphonyl chloride, it may be 
distilled under reduced pressure. The product 
has a boiling point of 79 to 81 C. (9 mm.). The 
reactions which take place in this procedure are 
shown in the following equation: 
n-CHOH--HC1+CS(NH) - 

2 O 
n-CHSC 

From the n-butyl sulphonyl chloride produced 
as described above, the corresponding sulphonic 
acid, n-butyl sulphonic acid, may be produced 
by hydrolyzing the sulphonyl chloride in boiling 
water, with the production of hydrochloric acid 
and n-butyl sulphonic acid. The hydrochloric 
acid and excess water may be readily removed 
by evaporation, and the sulphonic acid obtained. 
The sodium and potassium salts of the sulphonic 
acid may be obtained by interaction of the n 
butyl sulphonyl chloride with sodium and po 
tassium hydroxide in aqueous solution. 

Eacample 2-Ethyl sulphonyl chloride from 
ethylsulphate.-33 parts of diethyl sulphate and 
30 parts of thiourea are warmed on a steam bath 
until solution is complete and a vigorous reaction 
takes place. The reaction, if it becomes too 
vigorous, may be modified by cooling the mix 
ture. After the reaction is finished, alcohol is 
added and the mixture is further, heated for 
about A hour to insure completion of the reac 
tion. The solid ethyl pseudothiourea sulphate 
which is formed is filtered off and dried. . . 

15.4 parts of the ethyl pseudothiourea sul 
phate are dissolved in 75 parts of water and the 
solution is cooled in an ice bath, and treated 
with chlorine, while maintained below 15° C. 
The addition of chlorine is continued until the 
aqueous layer is distinctly green with excess 
chlorine. - The ethyl sulphonyl chloride sepa 
rates as an oil, and, after its separation is con 
plete, may be separated mechanically or the mix 
ture may be extracted with ether and the ether 
extract washed with dilute sodium bisulphite 
solution and dried over calcium chloride. The 
ether is removed and the ethyl sulphonyl chlo 
ride distilled under reduced pressure to purify 
it. It boils at 71-72 C. (12 mm.). 

HC1-C - n-OHSOO . 
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The reactions which take place when this 

procedure is followed are shown in the following 
equation: 
(CHS): SO4-CS (NH) --> 

NH 
2 HO - 

CES o, H2SO4·HCl - CHSOC 
NII 

From the ethyl sulphonyl chloride so pro 
duced, the corresponding ethyl sulphonic acid is 
produced by hydrolyzing in boiling water. The 
Sodium and potassium salts of the ethyl sul 
phonic acid may be formed by interaction of the 
ethyl sulphonyl chloride with sodium and po 
tassium hydroxide in aqueous solution. 

Eacample 3-n-Heptyl sulphonyl chloride from 
72-heptyl bromide.-18.5 parts of n-heptyl bro 
mide, 7.6 parts of thiourea, and 16 parts of ethyl 
alcohol are heated on a steam bath under reflux 
conditions until all of the thiourea is in solu 
tion and a sample of the solution gives no pre 
cipitate of silver sulphide with ammoniacal sil 
wer nitrate. The ethyl alcohol is distilled of 
under reduced pressure and the n-heptyl pseudo 
thiourea hydrobromide formed is allowed to 
Crystallize. 

20 parts of this hydrobromide are dissolved in 
75 parts of hot water, and the resulting solution 
is treated with a hot solution of 35 parts of po 
tassium acetate in 40 parts of water. The re 
Sulting mixture is cooled, and the precipitated 
n-heptyl pseudothiourea acetate is filtered off 
and purified by recrystallization from Water. 
12 parts of the n-heptyl pseudothiourea acetate 
are dissolved in 135 parts of water and 2 parts 
of concentrated hydrochloric acid are added. 
The resulting solution is cooled and treated with 
chlorine at a temperature below 15° C. After 
the n-heptyi sulphonyl chloride is completely 
separated, the mixture is extracted with ether, 
the ether extract is washed with dilute sodium 
bisulphite, and dried over calcium chloride. The 
ether is removed and the residue, consisting of 
n-hepty Sulphonyl chloride, is distilled under 
reduced pressure to purify it. The product has 
a boiling point of 126 to 129° C. (11 mm.). 
The reactions which take place when this pro 

cedure is followed are shown in the following 
equation: 

n-CHis SO2C1 

The corresponding n-heptyl Sulphonic acid 
may be obtained from the Sulphonyl chloride by 
hydrolyzing With Water. 

Eacample 4-Ethyl sulphonyl bromide from 
ethyl/bromide-Ethyl bromide and thiourea in 
equal molecular proportions are heated together 
in ethyl alcohol. When the thiourea is all dis 
solved, and a sample of the solution gives no 
silver sulphide with ammoniacal silver nitrate, 
the alcohol is removed under reduced pressure 
and the residue is allowed to crystallize. It is 
ethyl pseudothiourea hydrobromide. 

18.5 parts of this ethyl pseudothiourea, hydro 
bromide are dissolved in 200 cc. of water. 
solution is cooled, and treated with 125 parts 

The 

3 
of bromine. The bromine is added Over a pe 
riod of about 4 of an hour with vigorous stir 
ring and while maintaining the temperature be 
low 5° C. After the addition of bromine is com 
plete, the reaction- mixture is stirred at 5° C. 
or lower for about 3 hours. The precipitated 
ethylsulphonyl bromide is taken up in ether and 
the excess bromine removed from this extract 
by washing with dilute sodium bisulphite, pref 
erably in a series of washing operations with 
small portions of the bisulphite solution. The 
extract is then washed with water, dried and 
the ether distilled off. The resulting purified 
ethyl Sulphonyl bromide is then distilled under 
reduced pressure to purify it. It boils at 84-86° C. 
(18 mm.). 
The reactions which occur when this procedure 

is followed are shown in the following equation: 

2 EO 
Cr--CS(NH) - C.H.Sc. .EBr--Br - 

NH 
CSOBr. 

Eacample 5-Benaylsulphonyl chloride from 
benaylchloride.-12.6 parts of benzylchloride and 
7.6 parts of powdered thiourea are warmed to 
gether on a steam bath until a vigorous reac 
tion takes place. When the reaction subsides, 
the mixture is heated for a few minutes and 
then is dissolved in 150 parts of water. The 
resulting solution is cooled below 5° C. and is 
treated with chlorine with continued cooling, and 
while maintaining the temperature below 15° C. 
The addition of chlorine is continued until the 
reaction mixture has a distinct green color from 
the excess chlorine. The solid benzylsulphonyl 
chloride which separates is filtered off and the 
filtrate is tested for the completeness of the re 
action by further addition of chlorine. The sepa 
rated benzylsulphonyl chloride is dried over sul 
phuric acid and recrystallized from benzene. It 
has a melting point of 91-92 C. 
The reactions which take place when this pro 

Cedure is followed are similar to those shown 
for the production of ethyl sulphonyl bromide 
from ethyl bromide in Example 4 above. 

Benzylsulphonic acid is produced from benzyl 
Sulphonyl chloride by hydrolysis with water, but 
the Sulphonyl chloride undergoes partial decom 
position during this hydrolysis with evolution of 
sulphur dioxide. 

In addition to the sulphonyl halides and sul 
phonic acids described in the examples, numer 
Ous other sulphonyl halides and Sulphonic acids 
may be prepared in accordance with the present 
invention. Among the alkyl Sulphonyl halides 
which may be readily produced are the lower 
alkyl compounds such as the methyl, ethyl, the 
isomeric propyls, butyls, amyls, hexyls, heptyls, 
etc., as well as the higher alkyl sulphonyl halides 
Such as the cetyl, oleyl, stearyl, etc. Also, the 
various aralkyl Sulphonyl halides and the sul 
phonic acids may be readily prepared. Included 
among the aralkyl Sulphonyl halides which may 
be readily prepared are the benzyl, phenyl ethyl, 
etc. For the production of Such sulphonyl halides 
and sulphonic acids, the starting materials may 
be either the corresponding alcohols or corre 
sponding substituted hydrocarbons, such as sul 
phates, chlorides, nitrates, etc. 
The aralkyl derivatives, in addition to having 

the sulphonyl halide group or the Sulphonic acid 
group attached to the alkyl chain, may also be 
substituted in the aromatic or cyclic nucleus. 
Substituents such as Sulphonic acid groups, or 
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4. 
halogen groups, or other groups, in the aromatic 
or cyclic nucleus in no way interfere with the 
process of the present invention for the produc 
tion of sulphony halides and sulphonic acids, 
either in the production of the intermediate 
pseudothiourea derivatives, Or the production of 
the sulphonyl halides and sulphonic acids from 
these intermediates. wa w 

The invention, as previously pointed out, is 
also applicable to the production of aromatic 
sulphonyl halides, in which the sulphony halide 
group is directly attached to the aromatic or 
cyclic nucleus, as well as the corresponding sul 
phonic acids. The intermediate pseudothiourea 
compounds, however, cannot be prepared in the 
manner described above for the production of 
alkyl and aralkyl pseudothiourea compounds, but 
must be prepared in some other manner, as by 
the addition of a thiophenol to a cyanamid. 

go While the invention has been described with 
particular reference to the production of sul 
phonyl chlorides and Sulphony bromides, it also 
includes the production of homologous sulphonyl 
fluorides and sulphonyl iodides, and while it is, 

25 particularly advantageous for use in the conver 
sion of alkyl or aralkyl pseudothiourea salts to 
COrresponding SulphOnyl halides by the action of 
a halogen, it is also applicable to the produc 
tion of sulphonyl halides from other compounds 

0 in which a pseudothiourea residue is connected 
to an alkyl group through the sulphur atom. 
Included in this class of compounds are com 
pounds such as alkyl or aryl derivatives of alkyl 

O 

pseudothioureas, in which the hydrogen atoms 
is linked with the nitrogen are replaced by ali 

phatic or aromatic radicals, as well as hetero 
cyclic compounds, in which the pseudothiourea 
nucleus is part of a ring structure. 

claim: w 

1. The process of producing compounds of the 
class consisting of alkyl and aralkyl sulphonyl 
halides and sulphonic acids which comprises sub 
jecting an aqueous Solution of an acid addition 
Salt of a compound of the class consisting of S 
arkyl and S-aralkyl pseudothioureas to the action 
of a halogen. 

2. The process of producing compounds of the 
class consisting of Sulphony halides and sul 
phonic acids, which comprises subjecting an 
aqueous Solution of an acid addition salt of a 
compound of the formula 

NR 

5 
in which R is a radical from the class consisting 
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5 
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of alkyl and aralkyl radicals and in which R, Ra, 
and Rs, are radicals indifferently selected from 
the class of hydrogen and alkyl, aralkyl and aryl 
radicals, to the action of a halogen. 

3. The process of producing alkyl and aralkyl 
sulphonyl halides which comprises subjecting an 
aqueous solution of an acid addition salt of a 
compound of the formula 

NH RSof 
YE, 

in which R is a group selected from the class con 
sisting of alkyl and aralkyl groups, to the action 
of a halogen. 

4. The process of producing alkyl sulphony 
halides which comprises reacting an acid addi 
tion salt of an S-alkyl pseudothiourea with a 
halogen in aqueous solution. 

5. The process of producing aralkyl sulphonyl 
halides which comprises reacting an acid addition 
salt of an S-aralkyl pseudothiourea with a hal 
Ogen in aqueous solution. f 

6. The process of producing sulphonyl chlo 
rides which comprises subjecting an aqueous so 
lution of a salt of a compound of the class con 
sisting of S-alkyl and S-aralkyl pseudothioureas 
with an acid selected from the group consisting 
of hydrochloric and non-halogen containing acids 
to the action of chlorine. 

7. The process of producing alkyl sulphony 
chlorides which comprises subjecting an aqueous 
Solution of a Salt of an S-alkyl pseudothiourea 
with an acid selected from the group consisting 
of hydrochloric and non-halogen containing acids 
to the action of chlorine. 

8. The process of producing aralkyl sulphonyl 
chlorides which comprises subjecting an aqueous 
Solution of a Salt of an S-aralkyl pseudothiourea 
with an acid selected from the group consisting of 
hydrochloric and non-halogen containing acids 
to the action of chlorine. 

9. The process which comprises reacting an 
alcohol with thiourea in the presence of an acid 
and converting the resulting pseudothiourea salt 
to the Sulphonyl halide corresponding to the al 
cohol by Subjecting an aqueous solution of it to 
the action af a halogen. 

10. The process which comprises reacting an 
alcohol with thiourea in the presence of a hydro 
halogen acid, converting the resulting salt to an 
acetate, and reacting an aqueous solution of the 
acetate with a halogen. 
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